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LHC HXSWG for BSM Higgs (WG3)

WG3
→ Classic (neutral) MSSM.

→ Classic MSSM/2HDM     .

→ Extension of MSSM Higgs doublet by one additional scalar field.

→ more general extensions not just 2HDM (→ several doublet plus     
      triplet extensions like Georgi-Machacek (GM) models).

→ Rare decays in exclusive mesonic final state (light quarks)
→ Even more exotic decays (like                                ).

(*)

(*)

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG3
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG3
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Preliminary work & structure of this talk

● All progress of the last year(s) has its snapshot in YR4 (→ huge effort to which WG3 
significantly contributed).

● Future perspectives have been laid out in July 8th meeting.

● For “neutral MSSM” and “Exotic Decays” dedicated presentations have been 
given today. This will be a summary of the activities/news from the other sub-
groups.

● At the end of this talk a few requests/inputs from the experiments will be 
discussed.

Disclaimer: this comprises the feedback we got from the sub-group conveners & 
the experiments, not less nor more. They did not consider an own presentation, 
since everything since July is still work in progress. 

https://cds.cern.ch/record/2215893/files/LHCHXSWG-DRAFT-INT-2016-012.pdf
http://indico.cern.ch/event/510558/overview
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Charged Higgs

● Conclusions as presented on July 8th meeting still valid:

● Classical split in:           low – intermediate – high mass 

● Severely constrained by LHC run-1.

● Per default BR’s also included in 
MSSM input files for several 
benchmark scenarios.

● Difficult calculation. 
● Available at NLO since 

July 2016. 
● Cross section tables 

available on TWiki           
                                        
                          , for 
2HDM-II. 

● Cross sections for 
2HDM-I still to come. 

● Differential cross section calculations 
at NLO+PS available in 4FS and 5FS.

● Comparison reveals consistent 
modeling. Preliminary(*) cross sections 
released in Santander matching           
                                                              
     for 2HDM-II (with recipes/info how 
to translate to 2HDM-I,III,IV or MSSM 
including       corrections).

(*) check TWiki for disclaimers.

Future targets:
● Do better than Santander matching in 

high mass region.
● Carry on work on understanding 

intermediate mass region.
● Go more differential in calculations 

(and provided “recommendations”).

http://indico.cern.ch/event/510558/contributions/2221986/attachments/1306094/1952054/zaro-chargedhiggs-hxswg_jul2016.pdf
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWGMSSMCharged#Light_charged_Higgs
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWGMSSMNeutral
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWGMSSMCharged#Intermediate_mass_145_200_GeV_ch
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NMSSM

● Specific case of “Extended Scalars” (→ 2HDM+S”+SUSY”).

● Major investment for YR4 (→ summary given by F. Staub in July 8th meeting):

● Survey of tools to calculate cross sections, masses and decay widths (→ assumptions, 
uncertainties, higher-order accuracy, …).
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Future targets:
● Further review calculation tools.

● By what signatures can individual scenarios be 
distinguished e.g. from other extended scalar models?

● Make sure that as far as possible no signatures will be 
missed by the LHC (e.g. by missing triggers).

● Connect BP’s to exp. results.
● Re-interpretation of existing analyses in BP’s (→ 

“simplification” of analysis results, incorporation of h(125) 
coupling constraints).

● Ways to present analysis results: benchmark points, lines, 
planes, … .

http://indico.cern.ch/event/510558/contributions/2222007/attachments/1305502/1952123/staub_nmssm.pdf
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Extended Scalars

● “Any” possible generalization of the SM Higgs sector: in practice singlets (+) 
doublet (+) triplet … 

● Contributed 11 benchmark points to YR4: singlet extensions(2) + 2HDM in 
several flavors(8) + Georgi-Machacek (GM) triplet extension (→ discussed by 
Rui Santos in July 8th meeting). 

● Also already discussed ongoing work:

● Effect of higher order corrections for               
in “real singlet” model.

● Studies of gauge-independent 
renormalization schemes for 2HDM’s.

● Ways to distinguish between individual multi-
Higgs models e.g. via                    ,           .

Future targets:
● Further review calculation tools.

● By what signatures can individual scenarios be 
distinguished e.g. from other extended scalar models?

● Make sure that as far as possible no signatures will be 
missed by the LHC (e.g. by missing triggers).

● Connect BP’s to exp. results.
● Re-interpretation of existing analyses in BP’s (→ 

“simplification” of analysis results, incorporation of h(125) 
coupling constraints).

● Ways to present analysis results: benchmark points, lines, 
planes, … .

plus…
● Investigate CP-violating models.
● Extension of GM model to lo masses below 200 GeV.

http://indico.cern.ch/event/510558/contributions/2221989/attachments/1306066/1951998/santos_WG3_CERN_GM_Jul2016v2.pptx.pdf
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Input from experiments

● On request we have also collected the following inputs from experimental side:

● Is there physics interest for 3HDM?

● Cross sections and BR’s for a SM+Higgs triplet model?

● Existing 2HDM benchmarks are not sensitive to charged Higgs s-channel production; are 
there any models thinkable, which are more sensitive?

● Reminder of the link to BSM physics in the off-shell group?

● Common recipe how to treat background from              at NLO?

● Do we have a Higgs interpretation for a potential high mass di-photon signal?
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Conclusions

● All WG3 working groups are active/productive.

● People worked hard for the YR4 milestone, targets for the future have been 
defined during July meeting; work since July 8th meeting is ongoing.
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